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Description 

METHOD FOR RECONDITIONING A 
FRICTION COUPLE IN A SERVICE BRAKE 
AND A VEHICLE INCLUDING A FRICTION 
COUPLE ARRANGED IN SAID VEHICLE 

Cross Reference to Related Applications 

[0001] The present application is a continuation patent applica- 
tion of International Application No. PCT/SE02/00712 
filed 10 April 2002 which was published in English pur- 
suant to Article 21(2) of the Patent Cooperation Treaty, 
and which claims priority to Swedish Application No. 
0101253-3 filed 10 April 2001. Both applications are ex- 
pressly incorporated herein by reference in their en- 
tireties. 
Background of Invention 

Technical Field 



[0002] The invention relates to a method for the reconditioning 
of a friction pair in a service brake of the drum or disc 



brake type forming part of a brake system of a vehicle, 
which in addition to the said service brake comprises one 
or more auxiliary brakes and a control system for dis- 
tributing the requested brake power between the said ser- 
vice brake and auxiliary brakes. The invention also relates 
to a vehicle containing an arrangement for the recondi- 
tioning of a friction pair according to the pre- 

characterizing part of claim 19. 
Background Art 

[0003] | n addition to the usual service brakes in the form of disc 
or drum brakes, use is made, in modern, heavy vehicles, 
of a number of auxiliary brakes or secondary brake units, 
in the form, for example, of hydraulic or electric retarders 
and engine brakes. Auxiliary brakes are used, where ap- 
propriate, to recover braking energy as useful energy and 
to prolong the life of service brakes. Vehicles equipped 
with both service brake and auxiliary brakes or secondary 
brake unit utilize either manual application of service 
brake and auxiliary brakes or secondary brake units, or 
automatically controlled application of service brake and 
auxiliary brakes or secondary brake unit, where a control 
unit selects the distribution of brake power between ser- 
vice brake and auxiliary brakes or secondary brake unit as 



a function of the operating condition of the vehicle. An 
example of a system for controlling a brake system com- 
prising a service brake and an auxiliary brake is described 
in EP 974 505. The control system ensures that the auxil- 
iary brake is used in each application of the brakes. In a 
preferred embodiment, the auxiliary brake is used to such 
an extent that the risk of glazing is reduced. The term 
glazing refers to the formation of compounds with lower 
friction than the nominal friction. These compounds can 
occur when the temperature of the brake disc or the brake 
drum becomes too low during a large proportion of the 
brake applications. 
[0004] one problem with vehicles using a control system accord- 
ing to EP 974 505 and other vehicles currently encoun- 
tered, in which the brake power is distributed manually or 
automatically between service brakes and auxiliary brakes 
or secondary brake unit, or sometimes also with vehicles 
having no auxiliary brakes or secondary brake unit, is that 
the service brakes are not used sufficiently. This leads to a 
risk of rusting or the formation of dirt deposits on the 
brake disk or brake drum and the aforementioned glaz- 
ing. The occurrence of rusting and dirt deposits means 
that the friction of the brake disc or brake drum is re- 



duced, which reduces the efficiency of the brake system. 
[0005] At high temperature, rust can be converted into a very 
wear-resistant phase. If the rust is unevenly distributed, 
this leads to variations in thickness and variations in fric- 
tion along the circumference. In addition to wear-resistant 
iron oxides, martensite may also be formed at high tem- 
perature. Martensite is hard, brittle and wear-resistant. 
There is therefore a risk of incipient cracks, uneven wear 
and variations in thickness and friction should the brakes 

become overheated. 
Summary of Invention 

[0006] The object of the invention is to provide a method for the 
control of a brake system, which is capable of ensuring 
that the efficiency of the brake system is maintained. This 
object is achieved by a method for the reconditioning of a 
friction pair in a service brake of the drum or disc brake 
type according to claim 1 and 49 and a vehicle according 
to claim 19. 

[0007] By providing a method for the reconditioning of a friction 
pair, as proposed in claim 1, in which a parameter value of 
a surface characteristic of the friction pair is determined, 
and the friction pair is reconditioned by the supply of a 
defined braking energy to the said friction surface as a 



function of the said parameter value determined, a friction 
pair is obtained in which the said parameter value of the 
said surface characteristic is kept within a given interval. 
[0008] The term defined braking energy refers to an amount of 
energy that is determined as a function of the parameter 
value determined for the surface characteristic. The de- 
fined braking energy is mainly determined from informa- 
tion on the deviation of the parameter value I of 

determined 

the surface characteristic from the set-point value I 

setpoint 

for the surface characteristic. Account is also taken of how 
much braking energy is available in a certain driving situ- 
ation. This is determined mainly by deciding to what de- 
gree the service brake can be prioritized compared to 
other secondary brakes present on the vehicle. If the ser- 
vice brake is given a higher priority, more braking energy 
is supplied and vice-versa. In preferred embodiments, ac- 
count is also taken of the temperature of the friction pair. 
The regeneration exploits the fact that the parameter 
value for the reconditionable surface characteristic, such 
as the coefficient of friction and the covering of dirt or 
rust on the friction pair, for example, varies as a function 
of the amount of braking energy supplied. In a first ap- 
proximation, an addition to the parameter value for the 



supply of braking energy is obtained, which is propor- 
tional to the amount of energy supplied. The braking en- 
ergy is represented by the time integral of the brake 
power supplied to the friction pair. 
[0009] Through the regeneration process with controlled energy 
supply it is ensured that sufficient energy is supplied to 
the service brake to continuously maintain a friction pair 
where a parameter value of a surface characteristic corre- 
sponding, for example, to the coefficient of friction and/ 
or the prevalence of dirt or rust is kept within a given in- 
terval, thereby reducing the risk of rust and dirt preva- 
lence, and reducing the risk of glazing. According to a 
preferred embodiment, it is ensured that braking energy 
is not supplied unnecessarily when the temperature of the 
service brakes exceeds a specific limit, thereby reducing 
the risk of martensites and other resistant constituents 
being formed at high temperature. In a preferred embodi- 
ment of the invention, the said defined braking energy is 
supplied at a temperature of the friction pair that exceeds 
a defined regeneration temperature. By means of this pro- 
cess, a clean friction pair is obtained, in which the occur- 
rence of rust and dirt deposits is reduced in a controlled 
manner, thereby ensuring the efficiency of the brake sys- 



tern. This system is particularly advantageous in reducing 
the risk of glazing. According to a further preferred em- 
bodiment a process is provided in which the said defined 
braking energy is supplied at a temperature of the friction 
pair that is less than a defined temperature limit, thereby 
reducing the risk of martensites and other resistant con- 
stituents being formed at high temperature. 
[0010] | n an especially preferred embodiment of the invention, 
the glazing characteristic is separated from the rust and/ 
or dirt formation characteristic, so that separate regener- 
ation programs can be performed for glazing and rust 
and/or dirt. By means of this process, conditioned brakes 
are obtained without unnecessary wear and tear on the 
brakes. 

[001 1] According to a method for the reconditioning of a service 
brake as proposed in claim 49, a control unit is provided, 
which can assume a first operating mode in which the 
auxiliary brake is prioritized, and a second operating 
mode in which the service brake is prioritized. The 
method comprises the following stages: 

[0012] -determination of a parameter value (I) for a recondition- 
able surface characteristic, such as the coefficient of fric- 
tion and the covering of dirt or rust on the friction pair, 



for example, 

[0013] -selection of the operating mode as a function of the said 
parameter value determined. The method described en- 
sures that sufficient energy is supplied to the service 
brake to regenerate the parameter value I and thereby 
keep the service brake in good condition. 

[0014] Correspondingly, claim 19 also provides for a vehicle hav- 
ing the advantages afforded by the methods described in 

claim 1 and 49. 
Brief Description of Drawings 

[0015] The invention will be described in more detail below with 
reference to figures of the drawing attached, in which: 

[0016] pig. 1 shows a diagram of a system for the reconditioning 
of a friction pair in a service brake, 

[0017] pig. 2 shows a flow chart for a method of reconditioning a 
friction pair in a service brake, 

[0018] Fig. 3 shows an example of a disc brake, 

[0019] Fig. 4 shows an example of a first alternative embodiment 
of a flow chart for a method of reconditioning, 

[0020] Fig. 5 shows an example of a second alternative embodi- 
ment of a flow chart for a method of reconditioning, 

[0021] Fig. 6 shows an example of a third alternative embodi- 



ment of a flow chart for a method of reconditioning, 
[0022] pig. 7 shows an example of a third alternative embodi- 
ment of a flow chart for a method of reconditioning, and 
[0023] pig. 8 shows a diagram of a vehicle in which the invention 

is utilized. 
Detailed Description 

[0024] Fig. 1 shows a diagram of a system for the reconditioning 
1 of a friction pair comprising a brake lining and a rotor 
forming part of a service brake. The rotor is usually made 
of a cast iron alloy and the brake lining of an organic ma- 
terial with metal fibers mixed in. The system comprises a 
service brake 2 for a vehicle (not shown). In the embodi- 
ment shown, the service brake is of the disc or drum 
brake type and has a friction pair 3 comprising a brake 
lining and a rotor. 

[0025] | n the example shown the service brake consists of a disc 
brake, which has a brake caliper 4. The brake caliper 4, in 
a manner known in the art, comprises axially moveable 
brake linings and pressurizing elements in the form, for 
example, of a number of hydraulic cylinders, pneumatic 
cylinders or electronic application devices, which when 
activated are capable of pressing the linings against the 
rotor which, where a disc brake is used, is shaped as a 



disc. If a hydraulic cylinder is used, as shown in the exam- 
ple in Fig. 3, this is conventionally pressurized, for exam- 
ple by a brake arrangement as shown in Fig. 3, in which a 
conventional disc brake has a brake disc 3 and a brake 
caliper 4, which supports hydraulic cylinders 5 and brake 
pads. The hydraulic cylinders 5 are fed from a master 
cylinder 6, which is pressurized by a servo brake cylinder 
7, which is mechanically connected to the master cylinder 
6. The servo brake cylinder 8 is in turn fed from a hy- 
draulic reservoir 8 via a controlled valve 9. The invention 
is obviously not limited to a particular type of brake but 
can be used on different types of disc or drum brakes. In 
an alternative embodiment the service brake therefore 
consists of a conventional drum brake. 
[0026] The reconditioning system furthermore comprises a sec- 
ondary brake 10 of conventional type in the form, for ex- 
ample, of hydraulic or electric retarders and engine 
brakes. The reconditioning system further comprises a 
control system 11 for distributing a requested brake 
power between the said service brake 3 and secondary 
brake 10. The control system 11 primarily comprises an 
input signal from a brake pedal 12, which generates a re- 
quested brake power. 



[0027] The control system 11 thereupon distributes the brake 
power between secondary brake and service brake. Ac- 
cording to one embodiment of the invention, the control 
system 11 is arranged to work in two separate operating 
modes. In a first operating mode the brake power is con- 
ventionally distributed between service brake and auxil- 
iary brake, for example in that a brake system control cir- 
cuit distributes a requested brake power between auxiliary 
brakes and service brake. The control circuit may be de- 
signed to emit a first output signal to a control circuit for 
the said auxiliary brakes and a second output signal to a 
control circuit for the service brake. The first and the sec- 
ond output signal represent a brake power of between 0 
and 100%. The sum of the signals corresponds to the re- 
quested brake power from a brake pedal situated in the 
vehicle. The distribution can in these cases be designed 
so that maximum use is made of the auxiliary brake, 
thereby reducing not only wear to the brake linings of the 
service brake but also the risk of overheating of the brake 
disc or brake drum. This means that the power available 
from the auxiliary brake is utilized 100%, and any brake 
power needed in addition to that is derived from the ser- 
vice brake. In a second operating mode the brake power is 



distributed so that the service brake is prioritized, thereby 
ensuring that sufficient energy is fed into the brake disc 
or brake drum, so that coverings in the form of rust or 
dirt are worn down and the friction material in the brake is 
restored to an acceptable condition. The term prioritizes 
refers to, according to one embodiment of the invention, 
allowing the service brake to be used to its maximum 
power before the auxiliary brake is used, which means 
that only the service brake is used. In a preferred embodi- 
ment, the control system 11 communicates with a control 
unit 13 in the vehicle, which is arranged to control other 
functions of the vehicle. 
[0028] The system comprises an arrangement for reconditioning 
of the friction pair 3. The device comprises means 15 for 
determining a parameter value I for a reconditionable sur- 
face characteristic. According to one embodiment of the 
invention, the parameter value for the reconditionable 
surface characteristic is represented by the coefficient of 
friction and/or the degree of fouling and/or rusting on 
the surface of the rotor. The means 15 for determining 
the parameter value receives information containing data 
on a set of parameters which influence the parameter 
value for the surface characteristic from the vehicle's con- 



trol unit 13. According to one embodiment, the parame- 
ters contain information on the force with which the brake 
lining is applied against the rotor and data on the acceler- 
ation of the vehicle and data on drive torque developed. 
From these data the means 15 for determining the pa- 
rameter value calculates the coefficient of friction of the 
rotor. According to another embodiment of the invention, 
the information contains more or other parameters, which 
will be described in more detail below, from which the 
means 15 for determining the parameter value determines 
a parameter value I in a given operating situation. 
[0029] From the parameter value I determined, means 16 for 

supplying a defined braking energy E determines a control 
strategy for the control system 11 for distribution of the 
brake power between service brake and auxiliary brake 
10. A number of different control strategies are described 
below in connection with the description of Fig. 2,4-6. 
The control strategies affect the distribution of the brake 
power derived via the service brake and via the auxiliary 
brake. 

[0030] The means 16 for supplying a defined braking energy 
generally receives information regarding the parameter 
value I in a given operating situation. The means 16 com- 



pares this value I with the set limits Icr, Im. The means 16 
for supplying a defined braking energy comprises a mem- 
ory cell in which the current value for the parameter value 
I and the said limits Ic, Im are stored. The difference be- 
tween the current parameter value I and the said limits Ic, 
Im provides information as to what supply of braking en- 
ergy E will restore the parameter value to the desired 
value. The relationship between the energy supplied and 
the parameter value is described in more detail below. 

[0031] From the brakings performed, which are randomly dis- 
tributed in terms of time and brake power dependent on 
the prevailing driving situation, the parameter value I is 
updated. The defined braking energy E, which is supplied 
in order to restore the parameter value I to a desired 
value, is supplied via one or more applications of the 
brake, according to whether or not the braking situation 
allows sufficient energy to be supplied to the service 
brake in a given application of the brakes. 

[0032] As is specified below, the impact of the defined braking 
energy E in turn depends on the temperature of the fric- 
tion pair 3. 

[0033] Also forming part of the system, according to one embod- 
iment of the invention, is a temperature sensor 14, which 



measures the temperature of the friction material in the 
service brake 2. The temperature sensor 14 may also be 
arranged to estimate the temperature of the friction ma- 
terial by measuring the temperature of an element, which 
is thermally connected to the friction pair. According to 
further embodiments of the invention, the temperature 
may instead be estimated through calculations based on 
information regarding use of the service brake, in which a 
temperature margin is added to a current temperature 
value as a function of the energy supplied in each braking, 
and a continuous temperature reduction is added in as a 
function of the current temperature value and the time. 
According to one embodiment of the invention, a dis- 
cretized description of the temperature value has the 
form: 

[0034] T = T + T (E)A t + T (Q)At, 
n +1 n E Q 

[0035] 

dT 

where T = — , T n+ i represents the temperature at the time n+1, T E (E) the 
dt 

[0036] temperature change due to the energy supplied through 
braking, and T q (Q) represents the temperature change 
due to radiated and dissipated energy. 



[0037] pig. 2 shows a flow chart for a method of reconditioning a 
friction pair in a service brake. The coefficient of friction 
Mof the friction pair is determined in a first function block 
30. 

[0038] According to a first embodiment of the invention, the co- 
efficient of friction is determined through a retardation 
test in which brake shoes forming part of the service 
brake 2 are applied with a defined power against the said 
friction pair, following which the retardation of the vehicle 
is measured and the coefficient of friction is calculated 
from data on the said force and retardation. According to 
one embodiment of the invention, the application force of 
the brake shoes is estimated from the signal for the re- 
quested brake force from the brake pedal 12 and the 
given distribution between brake force applied via auxil- 
iary brakes 10 and brake force applied via the service 
brake 2. According to one embodiment it is thus possible 

to estimate the brake force developed according to the 

* 

equation E = E distribution%. According 

service break requested 

to an alternative embodiment, a sensor which measures 
the pressure in the brake cylinders can be used to deter- 
mine the application force. 
[0039] According to a second embodiment of the invention, the 



coefficient of friction is determined by an acceleration test 
in which brake shoes forming part of the said service 
brake are applied with a defined force against the friction 
pair, and an engine forming part of the vehicle is made to 
deliver an additional torque, whereupon the acceleration 
of the vehicle is measured and the coefficient of friction is 
calculated from data on the said force, acceleration and 
additional torque. According to this embodiment the con- 
trol unit 13 sends an instruction to the engine, a given 
additional torque M being delivered whilst the brake shoes 
are applied with a defined force. During the test the con- 
trol unit measures the acceleration, after which it is possi- 
ble to calculate the co-efficient of friction. According to a 
preferred embodiment, either the additional torque or the 
application force or both of these are adjusted so that the 
acceleration value during the test is zero. This method of 
determining the coefficient of friction also has the advan- 
tage that regeneration occurs during the test. 
[0040] According to one embodiment of the invention, after the 
coefficient of friction uof the friction pair has been deter- 
mined in a first function block 30, the value for the coeffi- 
cient of friction uis compared with a limit u . Should the 

c 

coefficient of friction uexceed this limit, the brake power 



distribution control system 11 for distribution of re- 
quested brake effect remains in its first operating mode, 
according to which distribution between service brake and 
auxiliary brake occurs in the usual way and the system is 
set to normal operation in a second function block 31. 
Should the coefficient of friction ube below this limit, ac- 
cording to a preferred embodiment of the invention the 
temperature of the friction pair is determined in a third 
function block 32. Should the temperature T be below a 
temperature T , which represents the temperature at 

G 

which there is a risk of a solid wear-resistant covering 
forming on the friction pair, the brake power distribution 
control system 11 is adjusted to its second operating 
mode in a fourth function block 33, according to which 
the distribution between service brake and secondary 
brake is undertaken so that the service brake is prioritized 
in order to allow an increased supply of energy to the ser- 
vice brake, bringing about reconditioning. Should the 
temperature T exceed the temperature limit T , the brake 

G 

power distribution control system 11 remains in its first 
operating mode, resulting in normal operation in a second 
function block 31. 
[0041] | n a fjfth function block 34, a check is performed as to 



whether the temperature T of the friction pair exceeds a 
critical temperature at which regeneration is possible. 
Should the temperature exceed this temperature limit T , 
according to a preferred embodiment the supplied brak- 
ing energy E is calculated in a sixth function block 35 as 
the time integral of brake power supplied at a tempera- 
ture in excess of the critical temperature limit. In a sev- 
enth function block 36, the coefficient of friction uis de- 
termined as above, following which the coefficient of fric- 
tion uis compared with a limit u representing a recondi- 
tioned friction pair. Should the coefficient of friction u ex- 
ceed the limit u , the brake power distribution control 

rec 

system 11 returns to its first operating mode, following 
which distribution between service brake and secondary 
brake occurs in the usual way and the system is set to 
normal operation in a second function block 31. If the co- 
efficient of friction uis below the limit u , according to a 

rec 

preferred embodiment a new check is commenced as to 
whether the temperature limit T c is exceeded in the third 
function block, or a new comparison is performed in the 
fifth function block 34 to establish whether the tempera- 
ture exceeds the critical temperature at which recondi- 
tioning is possible. 



[0042] According to one embodiment of the invention, the brake 
power distribution control system 11 can in its second 
operating mode redistribute the brake power between a 
plurality of axles. This means that one or more of the 
axles can be reconditioned whilst the remaining axles take 
up less or no brake power. 

[0043] pig. 4 shows an alternative embodiment of a flow chart for 
a method of reconditioning. According to this alternative 
embodiment of the invention, the said brake power distri- 
bution control system controls the distribution according 
to a first, a second and a third operating mode 40, 43 and 
44. In the first operating mode 40, the auxiliary brake is 
prioritized with uniform addition of the service brake from 
the vehicle wheel axles. In the second operating mode 43 
the auxiliary brake is prioritized whilst the brake power is 
distributed differently between the vehicle wheel axles. 
This means that one or more wheel axles of the vehicle 
can be reconditioned by boosting the brake power sup- 
plied to a higher level than if the brake power were being 
distributed uniformly between the axles. In the third oper- 
ating mode the service brake is prioritized. In this case, 
too, the brake power can be distributed non-uniformly 
between a number of wheel axles, so as to increase the 



degree of reconditioning. According to the embodiment, a 
first test to determine a parameter value of the surface 
characteristic I is performed in a first function block 41. If 
the parameter value I exceeds a limit Icr, no recondition- 
ing is performed and the brake system remains in its first 
mode, in which the auxiliary brakes are prioritized. If the 
parameter value I is below this limit Icr, a second test is 
performed, in which the parameter value is compared with 
a second limit Im. If the parameter value I is less than this 
limit Im, the brake system is set to the third brake mode 
44, in which the service brake is prioritized. In one em- 
bodiment of the invention the third brake mode can be 
divided up into two sub-modes, a first sub-mode in which 
the brake power is distributed uniformly between wheel 
axles of the vehicle and a second sub-mode in which the 
brake power is distributed differently between wheel axles 
of the vehicle. If the brake power is distributed non- 
uniform^, increased reconditioning is obtained on those 
axles to which mode energy is fed. If the parameter value I 
is not less than the limit Im, but less than the limit Icr, the 
brake system is set to a second operating mode 43, in 
which auxiliary brakes are prioritized but the brake power 
is distributed differently between wheel axles of the vehi- 



cle. In this case it is possible to recondition one or more 
of the wheel axles of the vehicle. By switching between 
brake application on different axles, it is possible to en- 
sure that the brakes are applied whilst absorbing suffi- 
cient power, so as to permit reconditioning. 
[0044] pig. 5 shows an example of a second alternative embodi- 
ment of a flow chart for a method of reconditioning. The 
method of reconditioning comprises three separate oper- 
ating modes. 

[0045] | n a fj rs t operating mode 50 the auxiliary brake is priori- 
tized. The parameter value for the glazing and dirt and/or 
rust surface characteristics is updated in this operating 
mode. 

[0046] | n a second operating mode 51 the auxiliary brake is pri- 
oritized. In this operating mode the service brake is used 
on individual axles in cases where the service brake is 
used despite the prioritization of the auxiliary brake. This 
is done when the requested brake power exceeds a cer- 
tain limit. 

[0047] in a third operating mode 52 the service brake is priori- 
tized. 

[0048] a test routine 60, 61, 62 is linked to each operating mode 
50, 51, 52. In these test routines 60-62 it is determined 



whether the method of reconditioning is to remain in one 
operating mode or be shifted to another operating mode. 
In the first test routine 60, which is associated with the 
first operating mode 50, it is decided whether the method 
of reconditioning is to remain in the first operating mode 
50 or assume the second operating mode 51. In the sec- 
ond test routine 61, which is associated with the second 
operating mode 51, it is decided whether the method of 
reconditioning is to remain in the second operating mode 
51, assume the first operating mode 50 or assume the 
third operating mode 52. In the third test routine 62, 
which is associated with the third operating mode 52, it is 
decided whether the method of reconditioning is to re- 
main in the third operating mode 52 or assume the sec- 
ond operating mode 51. In one embodiment, it is feasible 
to assume the first operating mode 50 immediately after 
the third operating mode 52. 
[0049] | n one embodiment of the invention, switching between 
the operating modes as specified above is performed ac- 
cording to the following test routine: 

[0050] 



Parameter value 


Measure 


Icn^O and \ s „<0 


Switching from 1 to 2, from 2 to 3 


l G n>0 and l Sn >0 


Remain in the operating mode 


and 




l Gn <1 or l Sn <1 




l Gn ^1 and l Sn ^1 


Switching from 2 to 1 , from 3 to 2 



[0051] The parameter values given in the table are explained in 
more detail below. 

[0052] pig. 6 shows an example of a second alternative embodi- 
ment of a flow chart for a method of reconditioning. The 
method of reconditioning comprises three separate oper- 
ating modes. 

[0053] | n a fi rs t operating mode 50 the auxiliary brake is priori- 
tized. 

[0054] | n a second operating mode 53 the service brake is priori- 
tized. In this operating mode the service brake is used on 
individual axles, but both of the axles are used where the 
requested brake power exceeds a second limit, which sig- 
nifies that the requested brake power cannot be obtained 
through the use of one axle. 

[0055] in a third operating mode 54 a fault message is emitted or 
enforced braking is performed using the service brake. 

[0056] a test routine 60, 61, 62 is linked to each operating mode 
50, 53, 54. In these test routines 60-62 it is determined 



whether the method of reconditioning is to remain in one 
operating mode or be shifted to another operating mode. 
In the first test routine 60, which is associated with the 
first operating mode 50, it is decided whether the method 
of reconditioning is to remain in the first operating mode 
50 or assume the second operating mode 51. In the sec- 
ond test routine 61, which is associated with the second 
operating mode 53, it is decided whether the method of 
reconditioning is to remain in the second operating mode 
53, assume the first operating mode 50 or assume the 
third operating mode 54. In the third test routine 62, 
which is associated with the third operating mode 54, it is 
decided whether the method of reconditioning is to re- 
main in the third operating mode 54 or assume the sec- 
ond operating mode 53. According to an alternative em- 
bodiment, it is feasible for the fault message according to 
the third operating mode to entail enforced monitoring of 
the vehicle, the vehicle after monitoring and any measures 
being returned to the first operating mode. 
[0057] | n one embodiment of the invention, switching between 
the operating modes as specified above is performed ac- 
cording to the following test routine: 

[0058] 



Parameter value 


Measure 


l Gn ^0 and l Sn ^0 


Switching from 1 to 2, from 2 to 3 


l G n>0 and l Sn >0 


Remain in the operating mode 


and 




l Gn <1 or l Sn <1 




l Gn ^1 and I S| £1 


Switching from 2 to 1 , from 3 to 2 



[0059] According to a preferred embodiment, measurement of 
the coefficient of friction is furthermore carried out 
through an enforced braking in a separate stage 90 of the 
method. The coefficient of friction determined is used to 
verify whether the value of the glazing parameter is cor- 
rectly estimated. If estimation has been correctly per- 
formed, the control unit remains in the current operating 
mode 50, 53, 54. If the glazing parameter has been incor- 
rectly estimated, the glazing parameter is corrected by 
means of the information obtained from the measure- 
ment. The dirt covering parameter can also be similarly 
corrected, even though the measurement does not relate 
to the dirt covering. In a first approximation, the deviation 
can be assessed as proportional to the deviation of the 
glazing parameter. After correction of the parameter val- 
ues, that operating mode is assumed, which is suited to 
obtaining the parameter value according to the above. 

[0060] stage 90 of the method may also be used in other em- 



bodiments, such as those described with reference to Fig. 
5 and 7. 

[0061] pig. 7 shows an example of a second alternative embodi- 
ment of a flow chart for a method of reconditioning. The 
method of reconditioning comprises five separate operat- 
ing modes. 

[0062] | n a fj rst operating mode 50 the auxiliary brake is priori- 
tized. 

[0063] | n a second operating mode 51 the auxiliary brake is pri- 
oritized. In this operating mode the service brake is used 
on individual axles should the service brake be used de- 
spite the prioritization of the auxiliary brake. This is done 
when the requested brake power exceeds a first limit. 
Both of the axles are used where the requested brake 
power exceeds a second limit, which is greater than the 
said first limit. 

[0064] in a third operating mode 52 the service brake is priori- 
tized. 

[0065] in a fourth operating mode 53 the service brake is priori- 
tized. In this operating mode the service brake is used on 
individual axles, but both of the axles are used where the 
requested brake power exceeds a second limit, which sig- 
nifies that the requested brake power cannot be obtained 



through the use of one axle. 

[0066] | n a fjfth operating mode 54 a fault message is emitted or 
enforced braking is performed using the service brake. 

[0067] a test routine 60 - 64 is linked to each operating mode 
50 - 54. In these test routines 60-64 it is determined 
whether the method of reconditioning is to remain in one 
operating mode or be shifted to another operating mode. 
In the first test routine 60, which is associated with the 
first operating mode 50, it is decided whether the method 
of reconditioning is to remain in the first operating mode 
50 or assume the second operating mode 51. In the sec- 
ond test routine 61, which is associated with the second 
operating mode 51, it is decided whether the method of 
reconditioning is to remain in the second operating mode 
51, assume the first operating mode 50 or assume the 
third operating mode 52. In the third test routine 62, 
which is associated with the third operating mode 52, it is 
decided whether the method of reconditioning is to re- 
main in the third operating mode 52 or assume the sec- 
ond operating mode 51. In the fourth test routine 63, 
which is associated with the fourth operating mode 53, it 
is decided whether the method of reconditioning is to re- 
main in the fourth operating mode 53, assume the third 



operating mode 52 or assume the fifth operating mode 
54. In the fifth test routine 64 it is decided whether the 
method of reconditioning is to remain in the fifth operat- 
ing mode 54, or assume another operating mode. Accord- 
ing to one embodiment of the invention it is feasible, as 
an alternative to remaining in the fifth operating mode 54, 
to assume the fourth operating mode. According to an al- 
ternative embodiment it is feasible for the fault message 
according to the fifth operating mode to entail enforced 
monitoring of the vehicle, the vehicle after monitoring and 
any measures being returned to the first operating mode. 
[0068] | n one embodiment of the invention, switching between 
the operating modes as specified above is performed ac- 
cording to the following test routine: 



Parameter value 


Measure 


l Gn ^0 and Isn^O 


Switching from 1 to 2, from 2 to 3, 
from 3 to 4 and from 4 to 5 


l Gn >0 and l Sn >0 
and 

l Gn <1 or l Sn <1 


Remain in the operating mode 


l Gn ^1 and l Sn 2;1 


Switching from 2 to 1, from 3 to 2, 
from 4 to 3 and from 5 to 4. 



[0070] The parameter values given in the table are explained in 
more detail below. 



[0071] | n this and previously described embodiments, the said 

parameter value for the surface characteristic is a function 
of the coefficient of friction and/or the degree of fouling 
and/or rusting of the friction pair. 

[0072] According to one embodiment of the invention, the pa- 
rameter value for the surface characteristic is estimated 
from a set of parameters including the time of year, geo- 
graphical location, climate zone, atmospheric humidity, 
outdoor temperature, design of road network, fuel con- 
sumption, engine running time, total engine revolutions, 
time since last braking, time since last reconditioning, 
supply of braking energy, retardation history, application 
force of the brake system, temperature of the friction pair, 
bearing temperature and temperature of friction material 
fitted to brake shoes. The effect of the parameters on the 
parameter value for the surface characteristic such as the 
coefficient of friction is stored empirically in the form of a 
parameter mapping between the parameter value for the 
surface characteristic and given parameters. 

[0073] The control strategy for brake use is influenced by the use 
of the said set of parameters as input data. The factor in- 
fluencing the glazing status is primarily: 

[0074] i) The number of brakings at a certain temperature. If the 



temperature does not exceed a certain critical tempera- 
ture, the right friction film composition will not be ob- 
tained. The friction pair then has reduced friction. 
[0075] The factors influencing the dirt and/or rust situation are 
primarily: 

[0076] 2) Amount of moisture. Moisture affects both rusting and 
fouling, a wet road, for example, resulting in more fouling 
than a dry road since as a particle-carrier the water carries 
and deposits more dirt than air. 

[0077] 3) Amount of salt. Salt increases rusting. 

[0078] 4) Amount of dirt. Dirt forms coverings on the disk, which 
affect brake lining wear and friction characteristics. 

[0079] jhe above-mentioned characteristics can be estimated 

from the following information. An X indicates that the in- 
formation has an influence on the factor in that column 
and hence on the parameter that indicates the status of 
glazing and rust/dirt. Certain information is redundant. 

[0080] There is also information that influences glazing c and 

G 

information that influences rusting and/or fouling c $ but 
is not associated with any of the information types 1-4. 

[0081] 



Type of information 


1 


2 


3 


4 


Cg 


C S 


Ci : Time of year. The 
time of year affects the 
precipiiaiion, ouiaoor 
temperature, atmospheric 
humidity and road salting. 


X 


X 


X 


X 


X 


X 


C 2: Time of day. The time 
of day affects the 
prcoipiidiiun, uuiuuui 
temperature and 
atmnsnhprir humiriitv 

oil 1 ItJwul Ivl lu 1 Id 1 1 1 1 u 1 L y . 


X 


X 


X 


X 


X 


X 


f, fipnnrjinhiral location 
or Himatp 7onp 

\JI Will 1 ICIIC £—\Jl Iw 


x 

/\ 


x 


x 


x 


x 


x 

/\ 


Ca. Outdoor tpmnpraturp 

v4; v-f u iuuu I iwi i iuvi cilui 


x 








x 

/a 


x 


Atmo^nhprir hi imiHitv 
w5:rMi i luopi ici iu I iui i iiuiiy 




x 




x 




x 


C 6: Precipitation 




X 




X 


X 


X 


C 7: Road salting 






X 






X 


Cs:Design of road 
network provides 

j nfnrm Qtion r\r\ hn\A/ 
II IIUI II laLlUI 1 Ul 1 1 IUW 

energy will be delivered 

IU LI 1C Ul Clrvv? oyoldll. 










X 


X 


C 9: Status of the road 
network in terms of dirt. 








X 




X 


Ci 0: Fuel consumption per 

km nrox/irip^ information 
on road status and how 
the brakes are used. 










X 


X 



Type of information 


1 


2 


3 


4 


Cg 


c s 


Cn : Engine running time, i.e. the 
length of time that the engine 
has been in operation provides 
information on how long the 
vehicle has been travelling and 
hence information on how long 
the parking brakes have been 

snnlipH ?*nH hpnrp thp pvtpnt nf 

dpjJ 1 ICVJ CI I IVJ 1 ICI IUC U IG CMC! IL VJI 

the risk of unevenly distributed 
rust. 












X 


indicates how long the vehicle 
has been travelling. 






y 


y 




y 

A 


Ci 3: Distance covered indicates 
how long the vehicle has been 

Llavtflllliy dl IU I IUW IllUUfl odll 

and dirt has got onto the 

hrakps 






X 


X 




X 


C14; Distance covered since last 

brakina 






X 


X 




X 


Hie Di^tanrp rox/prpH ^inrp la^t 

cleaning/ reconditioning 






x 


y 




x 


C 16: Supply of braking energy 










X 


X 


C17: Retardation history 
provides information on how the 
brake is used and can therefore 
be used to assess how clean 
and conditioned the brake is. 










X 


X 



Type of information 


1 


2 


3 


4 


Cg 


c s 


Cis: Application force or 
application pressure provides 
information on how the brake is 
used and can be used to 
estimate the energy supplied 
and temperature of the friction 
surface. 










X 


X 


Ci 9: The speed provides 
information on how the brake is 
used and can be used to 
estimate the energy supplied 
and the temperature of the 
friction surface. 










X 


X 


C 2 o:The temperature in the 
brake, rotor, lining, bearing or 
other part in proximity to the 
service brake can be used to 
estimate the temperature at the 
contact between lining and 
rotor. 










X 


X 



[0082] The parameter value for the surface characteristic may 

furthermore be given in the form of two parameters I and 
I where I stands for the glazing index and I stands 

R/S G R/s 

for rust and dirt index. The parameter value for the sur- 
face characteristic can furthermore be represented by the 
coefficient of friction of the friction pair as described 
above. According to one embodiment of the invention the 



parameter value for the surface characteristic I is repre- 
sented by a function, which can be described as follows: 
[0083] i) |=jf(p,T;X)dt + Jg(Y)ds 

[0084] where f is a function of the input brake power P, the tem- 
perature T of the friction pair and X is a set of time-re- 
lated parameters such as C i C Q , C , for example, and 
g is a function of distance-related parameters Y, such as 
C C , C C , for example. 

1 10 12 15 K 

[0085] | n a time-discretized model, equation 1 may, after inte- 
gration over a given time t and distance s, take the form: 
[0086] 2) I = I + la c 

n + l n A A 

[0087] where I is the current value of the parameter value for 
the surface characteristic and o< a is a weighted function for 
a parameter c . 

[0088] According to one embodiment of the invention the pa- 
rameter value for the surface characteristic comprises the 
glazing parameters c g , which represents the coefficient of 
friction parameter and the dirt and/or rust covering pa- 
rameter c . In this case the time discretized model 2 may 

s 

take the form: 

[0089] 3) | =| +Ioc C 

Gn+1 Gn A GA 

[0090] where I is the current value of the glazing parameters 



and a A represents a set of coefficients for a number of 
parameters c which influence the glazing of the friction 

GA 

pair, and 

[0091] 4 ) | = | +I p c 

Sn+1 Sn "A SA 

[0092] where I is the current value of the dirt and/or rusting 

Sn+l a 

parameters and 3 a represents a set of coefficients for a 
number of parameters c sa which influence the dirt and/or 
rusting of the friction pair. 
[0093] c can De selected from the set of parameters included 

GA 

above which affect glazing and 
[0094] c can b e selected from the set of parameters included 

above which affect dirt and/or rusting. 
[0095] jhe coefficients a and P are determined by empirical 

A A 

tests. 

[0096] The recondition element in the functions 3 and 4, that is 
to say the elements which increase the parameter Is value 
are primarily represented by a measurement of the energy 
supply at a temperature of the friction pair in excess of a 
certain critical temperature limit. According to one em- 
bodiment of the invention, the reconditioning element can 
be expressed according to the following: 

[0097] 5 ) c = E Y ( T Tcr ) 8 W hen T > Tcr 

Grek 



[0098] c =0, daT < Tcr 

Grek 

[0099] 6 ) c = E Y (T-Tcr) 5 , whenT>Tcr 

Srek 

[0100] c = 0, whenT<Tcr 

Srek 

[0101] where E is represented by a brake energy input at a tem- 
perature T and Tcr is represented by a temperature limit 
when the reconditioning begins to take effect, Y and 8 
represent powers which are determined empirically. Ac- 
cording to one embodiment of the invention Y=8=l. 

[0102] According to one specifically tested exemplary embodi- 
ment of the invention, the said surface characteristic is di- 
vided into a sub-function representing glazing with a pa- 
rameter value I and a sub-function representing rust 

Gn 

and/or fouling with a parameter value I The sub- 
functions are scaled so that the said parameter values will 
vary between the value 1 and 2, where the value 1 forms a 
set-point value for the said parameter values. Values 
lower than 1 indicate that the friction pair is in need of re- 
conditioning and values higher than 1 indicate that the 
friction pair are not in need of reconditioning. In the said 
specific exemplary embodiment use is made of a recondi- 
tioning model according to the following table: 



[0103] 



Influence 


Glazing 

V'Gn/ 


Dirt and/or rusting 


Losses in the absence 
of braking 






C S i = Distance covered 

1 lit? [Jai all IdtJI ValUc Isn 

will be reduced from 1 
to 0 after 500 km driving 




P, = -0.002/km 


C S 2 = Time without 
braking 

Thp naramptpr valnp lo 
will bp rpducpd from 1 

Will w 1 U W^jU II UN 1 1 

to 0 after 1 00 hours 




Pa = -0.01 /h 


Losses in braking 






C G i = Supply of given 
amount of energy 
through braking at a 
temperature of less 
than 150°C. The 
parameter value l Gn will 
be reduced from 1 to 0 
after 50 brakings from 

RO km/h at a 
tpmnprati jtp of Ip^ 
than 150°C 


a A = -0.03/MJ 




Reconditioning 






C/^^l 3nd Ccr A L,—( EsonfT- 
Tc)) 

Supply of a given 


a„k =+0 003/(MJ*T) 


a™* =+0 003/(MJ*"H 



amount of energy 
through braking at a 
temperature exceeding 
Tc= 150°C 

The parameter value l Gn 
and l Sn will be increased 
from 0 to 1 after 5 
brakings from 60 km/h 
at a temperature of 
250°C 



[0104] The table values are determined for a two-axle vehicle 

with a total weight of 20 tons, where a braking from 60 to 
0 km/h represents braking energy supplied of 0.7 MJ per 
brake. 

[0105] with the table values quoted, equations 3) and 4) assume 
the forms: 

[0 1 06] 3) | =| -0,03c + 0,003Esgn(TTc) 

Gn+l Gn Gl 

[0107] 4 ) | = | -0,002c -0,01c +0,003Esgn(TTc) 

Sn+l Sn SI S2 

[0108] pig. 8 shows a diagram of a vehicle 70, in which the in- 
vention is used. The vehicle shown is a heavy truck of 
conventional type and comprises an internal combustion 
engine 71, a gearbox 72 having a drive output shaft, 
which drives a set of driven axles 74, 75 via a cardan shaft 
73. The vehicle also comprises a front axle 76, which in 
the example shown is not driven. The wheels on the 



driven and non-driven axles 74-76 are braked by service 
brakes 76-79 belonging to each axle and forming part of 
a brake system 80. The brake system is controlled by a 
brake pedal 81, through which a driver indicates the de- 
sired brake force. In the example shown, the brake pedal 
81 sends a signal to a control computer 11, which dis- 
tributes the brake power between the service brakes 
76-79, which is done, for example, by means of a com- 
pressed air system 82 and auxiliary brakes in the form, 
for example, of a retarder 83 or an engine brake 84. 

[0109] The invention is not limited to the embodiments described 
above but can be modified without departing from the 
scope of the following claims. 

[0110] Additional embodiments may be characterized as follows: 

[° 1 1 1 ] 21. Method for the reconditioning of a friction pair ac- 
cording to Claim 20, characterized in that the control sys- 
tem for the distribution of a requested brake power be- 
tween the said service brake and secondary brake 
presents a further choice between- a fourth operating 
mode (53) in which the service brake is prioritized and the 
service brake is used on individual wheel axles, and- a 
fifth operating mode (54) in which a fault message is 
emitted or enforced braking occurs using the service 



brake. 

[0112] 22. Method for the reconditioning of a friction pair ac- 
cording to any of Claims 1 to 19, characterized in that the 
control system for the distribution of a requested brake 
power between the said service brake and secondary 
brake presents a choice between- a first operating mode 
(50) in which the auxiliary brake is prioritized,- a second 
operating mode (52) in which the service brake is priori- 
tized, the method comprising the following stages- deter- 
mination of a parameter value (I) for a reconditionable 
surface characteristic, such as the coefficient of friction, 
dirt or rust covering of the friction pair- selection of the 
operating mode as a function of the said parameter value 
determined. 

[0113] 23. Method for the reconditioning of a friction pair ac- 
cording to Claim 22, in which the vehicle comprises a plu- 
rality of wheel axles each carrying service brakes, charac- 
terized in that the control system (11) for the distribution 
of a requested brake power between the said service 
brake and secondary brake further comprises:- a third 
operating mode (51) in which the auxiliary brake is priori- 
tized and the service brake is used on individual wheel 
axles in the event that the service brake is used despite 



the prioritization of the auxiliary brake, 24. Method for the 
reconditioning of a friction pair according to Claim 23, 
characterized in that the control system for the distribu- 
tion of a requested brake power between the said service 
brake and secondary brake presents a further choice be- 
tween- a fourth operating mode (53) in which the service 
brake is prioritized and the service brake is used on indi- 
vidual wheel axles, and- a fifth operating mode (54) in 
which a fault message is emitted, or enforced braking oc- 
curs using the service brake. 
14 ] 25. Vehicle comprising a service brake (2) of the drum or 
disc brake type, one or more auxiliary brakes (10), a con- 
trol system (11) for the distribution of a requested brake 
power between the said service brake (2) and auxiliary 
brake (10) and an arrangement for the reconditioning (15, 
16) of a friction pair (3) comprising a lining and a rotor 
forming part of the said service brake, characterized in 
that the said reconditioning arrangement comprises:- 
means (15) for determining a parameter value (I) of a re- 
conditionable surface characteristic, such as the coeffi- 
cient of friction, dirt or rust covering of the friction pair, 
for example- means (16) for supplying a defined braking 
energy (E) to the said friction pair as a function of the said 



parameter value determined. 

[0115] 26. Vehicle according to Claim 25, characterized in that 
the vehicle further comprises an element for determining 
the temperature (14) of the friction pair (3) and that said 
means (16) for supplying a defined braking energy is ar- 
ranged to supply the said defined braking energy (E) at a 
temperature of the said friction pair (3) which exceeds a 
defined regeneration temperature, thereby permitting re- 
conditioning of the said friction pair. 

[0116] 27. Vehicle according to Claim 25 or 26, characterized in 
that the said parameter value is a function of the coeffi- 
cient of friction of the friction pair. 

[0117] 28. Vehicle according to Claim 27, characterized in that 
said means for determination (15) of the coefficient of 
friction is arranged to calculate the coefficient of friction 
from data on the force with which brake linings are ap- 
plied against the rotor and retardation is estimated from a 
retardation test, in which linings forming part of the said 
service brake are applied with a defined force against the 
said rotor, following which the retardation of the vehicle is 
measured. 

[0118] 29. Vehicle according to Claim 27, characterized in that 
said means for determination (15) of a coefficient of fric- 



tion is arranged to calculate the coefficient of friction from 
data on the force with which brake linings are applied 
against the rotor and retardation is estimated from an ac- 
celeration test, in which brake shoes forming part of the 
said service brake are applied with a defined force against 
the said rotor and an engine forming part of the vehicle is 
made to deliver an additional torque, following which the 
acceleration of the vehicle is measured. 

[0119] 30. Vehicle according to Claim 29, characterized in that 
the said additional torque is suited to maintaining the 
speed of the vehicle. 

[0120] 31, Vehicle according to any of Claims 25 to 30, charac- 
terized in that the said parameter value is a function of 
the dirt and/or rust covering of the friction pair. 

[0121] 32. Vehicle according to any of Claims 25 to 31, charac- 
terized in that said means (15) for determining a parame- 
ter value (I) for a reconditionable surface characteristic is 
arranged to estimate the parameter value for the recondi- 
tionable surface characteristic from a set of the following 
parameters: time of year, geographical location, climate 
zone, atmospheric humidity, outdoor temperature, design 
of road network, fuel consumption, engine running time, 
total engine revolutions, distance covered, distance cov- 



ered since last braking, distance covered since last recon- 
ditioning, time since last braking, time since last recondi- 
tioning, supply of braking energy, retardation history, ap- 
plication force of the brake system, temperature of the 
friction pair, bearing temperature and temperature of fric- 
tion material fitted to brake shoes. 
[0122] 33 vehicle according to Claim 32, characterized in that 
said parameter value (I) for the reconditionable surface 
characteristic is estimated from the said set of parameters 
through the formation of a function I = I +Ia c 

n+l n A A, 

where I is the current value of the parameter value and 
a is a weighted function for a parameter c . 
[0123] 34, Vehicle according to Claim 33, characterized in that 
the said function is divided into a first sub-function I 

Gn+l 

-I +Ia c , where I is the current value of the pa- 

Gn A GA Gn+l 

rameter value representing glazing and a represents a 

A 

set of coefficients for a number of parameters c which 

GA 

influence the glazing of the friction pair, and a second 
sub-function I -I +IB c , where I is the cur- 

Sn+l Sn A SA1 S n +1 

rent value of the parameter value representing dirt and/or 
rusting and 3 represents a set of coefficients for a num- 

A 

ber of parameters c sa which influence the dirt and/or 
rusting of the friction pair. 



[0124] 35. Vehicle according to Claim 33 or 34, characterized in 
that the reconditioning part of the said function and/or 

Y g 

sub-function are described as C = E (T-Tcr) , when 

Grek 

T>Tcr, where E is represented by the input brake energy 
at a temperature T and Tcr is represented by a tempera- 
ture limit at which reconditioning starts to take effect. 

[0125] 36, Vehicle according to any of Claims 25 to 35, charac- 
terized in that said means (14) for determining the tem- 
perature of the said friction pair is arranged to determine 
a current temperature value through information on use 
of the service brake in which a temperature margin, pro- 
portional to the energy supplied in each braking, is added 
to a previously current temperature value and a continu- 
ous temperature reduction is added in as a function of the 
said previously current temperature value and the time. 

[0126] 37, Vehicle according to any of Claims 25 to 35, charac- 
terized in that said means for determining the tempera- 
ture comprises a temperature sensor, which detects the 
temperature of the friction pair, or an element which is 
thermally coupled to the friction pair. 

[0127] 33, Vehicle according to any of Claims 25 to 37, charac- 
terized in that the said defined braking energy corre- 
sponds to an amount of energy that returns the value of 



the parameter value of the said friction pair to a defined 
limit. 

[0128] 39, Vehicle according to any of Claims 25 to 38, charac- 
terized in that said means (16) for supply of a defined 
braking energy is arranged to commence reconditioning 
when the parameter value of the said reconditionable sur- 
face characteristic is less than a defined limit. 

[0129] 40. Vehicle according to Claim 39, characterized in that 

the said braking energy is a function of the difference be- 
tween the said limit and the said parameter value for the 
surface characteristic. 

[0130] 41, Vehicle according to any of Claims 25 to 40, charac- 
terized in that said means (16) for supplying a defined 
braking energy is arranged to communicate with the said 
control system for the distribution of a requested brake 
power between the said service brake and secondary 
brake, following which the brake power supplied via the 
said service brake is prioritized in relation to brake power 
supplied via the said secondary brake, thereby ensuring 
sufficient energy for regeneration. 

[0131] 42. Vehicle according to any of Claims 25 to 41, charac- 
terized in that the control system for the distribution of a 
requested brake power between the said service brake 



and secondary brake presents a choice between- a first 
operating mode (50) in which the auxiliary brake is priori- 
tized,- a second operating mode (52) in which the service 
brake is prioritized, the method comprising the following 
stages:- determination of a parameter value (I) for a re- 
conditionable surface characteristic, such as the coeffi- 
cient of friction, dirt or rust covering of the friction pair- 
selection of the operating mode as a function of the said 
parameter value determined. 

[0132] 43_ Method for the reconditioning of a friction pair ac- 
cording to Claim 42, in which the vehicle comprises a plu- 
rality of wheel axles each carrying service brakes, charac- 
terized in that the control system (11) for the distribution 
of a requested brake power between the said service 
brake and secondary brake further comprises:- a third 
operating mode (51) in which the auxiliary brake is priori- 
tized and the service brake is used on individual wheel 
axles in the event that the service brake is used despite 
the prioritization of the auxiliary brake. 

[0133] 44_ Method for the reconditioning of a friction pair ac- 
cording to Claim 43, characterized in that the control sys- 
tem for the distribution of a requested brake power be- 
tween the said service brake and auxiliary brake presents 



a further choice between- a fourth operating mode (53) in 
which the service brake is prioritized and the service 
brake is used on individual wheel axles, and- a fifth oper- 
ating mode (54) in which a fault message is emitted, or 
enforced braking occurs using the service brake. 

[0134] 45_ vehicle according to any of Claims 25 to 41 in which 
the vehicle comprises a plurality of wheel axles each car- 
rying service brakes, characterized in that said means (16) 
for the supply of a defined braking energy is arranged to 
communicate with the said brake power distribution con- 
trol system, according to which brake energy supplied is 
distributed between the said plurality of wheel axles. 

[0135] 46, Vehicle according to Claim 45, characterized in that 
the said control system for the distribution of a requested 
brake power between the said service brake and sec- 
ondary brake presents a choice between- a first operating 
mode (50) in which the auxiliary brake is prioritized,- a 
second operating mode (51) in which the auxiliary brake 
is prioritized and the service brake is used on individual 
wheel axles in the event that the service brake is used de- 
spite the prioritization of the auxiliary brake, this being 
done where the requested brake force exceeds a first 
limit, and- a third operating mode (52) in which the ser- 



vice brake is prioritized. 
[0136] 47, Vehicle according to Claim 46, characterized in that 
the control system for the distribution of a requested 
brake power between the said service brake and sec- 
ondary brake presents a further choice between- a fourth 
operating mode (53) in which the service brake is priori- 
tized and the service brake is used on individual wheel 
axles, and- a fifth operating mode (54) in which a fault 
message is emitted or enforced braking occurs using the 
service brake. 

[0137] 43, vehicle according to any of Claims 25 to 47, charac- 
terized in that said means (16) for supplying the said de- 
fined braking energy is arranged to supply a defined 
braking energy within a temperature interval at a temper- 
ature of the friction pair which exceeds a regeneration 
temperature limit and is less than a temperature limit T c 
at which a solid wear-resistant covering forms on the fric- 
tion pair. 

[0138] 49, Method for the reconditioning of a friction pair (3) 
comprising a lining and a rotor in a service brake of the 
drum or disc brake type forming part of a brake system in 
a vehicle, which in addition to the said service brake com- 
prises one or more auxiliary brakes (10) and a control 



system (11) for the distribution of a requested brake 
power between the said service brake and secondary 
brake, in which the control system for the distribution of a 
requested brake power between the said service brake 
and secondary brake presents a choice between:- a first 
operating mode (50) in which the auxiliary brake is priori- 
tized,- a second operating mode (52) in which the service 
brake is prioritized, the method comprising the following 
stages:- determination of a parameter value (I) for a re- 
conditionable surface characteristic, such as the coeffi- 
cient of friction, dirt or rust covering of the friction pair, 
for example- selection of the operating mode as a func- 
tion of the said parameter value determined. 
[0139] 50. Method for the reconditioning of a friction pair ac- 
cording to Claim 49, in which the vehicle comprises a plu- 
rality of wheel axles each carrying service brakes, charac- 
terized in that the control system (11) for the distribution 
of a requested brake power between the said service 
brake and secondary brake further comprises:- a third 
operating mode (51) in which the auxiliary brake is priori- 
tized and the service brake is used on individual wheel 
axles in the event that the service brake is used despite 
the prioritization of the auxiliary brake. 



[0140] 51. Method for the reconditioning of a friction pair ac- 
cording to Claim 50, characterized in that the control sys- 
tem for the distribution of a requested brake power be- 
tween the said service brake and secondary brake 
presents a further choice between- a fourth operating 
mode (53) in which the service brake is prioritized and the 
service brake is used on individual wheel axles, and- a 
fifth operating mode (54) in which a fault message is 
emitted, or enforced braking occurs using the service 
brake. 



